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Ovine adenovirus serotype 7 (OAdV), the prototype atadenovirus, has gene homologues for most mastadenovirus structural proteins but
lacks proteins V and IX. Instead, OAdV has structural proteins of 32 and 42 kDa although the gene encoding the latter had not previously
been identified. The presently reported studies of OAdV virions have now identified a minor structural polypeptide of ¨40 kDa as the
product of the L1 52/55-kDa gene and, more surprisingly, shown that the 42-kDa protein is encoded by LH3. This gene product was
previously thought to be a homologue of mastadenovirus E1B 55 kDa, which is a multi-functional, non-structural protein that cooperates with
E1A in cell transformation. The lack of transforming activity previously demonstrated for OAdV combined with a structural role for the LH3
product indicates that the protein has a different function in atadenoviruses. We discuss the abundance and likely core location of LH3 in the
virion and the possible derivation of the E1B 55-kDa gene from the LH3 gene.
Crown Copyright D 2005 Published by Elsevier Inc. All rights reserved.Keywords: Atadenovirus; E1B 55-kDa gene; LH3 gene; Capsid proteinIntroduction
Complete genome sequences and phylogenetic analyses
based on the hexon and protease genes have demonstrated
that the family Adenoviridae can now be separated into five
genera (Benko and Harrach, 1998; Davison et al., 2003;
Harrach and Benko, 1999). Each genus has a genomic core
that encodes the structural proteins and enzymes involved in
viral DNA replication, as suggested by their apparent
homology with counterparts in well-characterized viruses
such as human adenovirus type 5 (HAdV5). However, the
genes that flank the central region vary greatly between
genera and because they lack homologues, direct exper-
imentation is required to determine their roles in the viral
replication cycle.0042-6822/$ - see front matter. Crown Copyright D 2005 Published by Elsevier
doi:10.1016/j.virol.2005.07.020
* Corresponding author. Fax: +61 2 9490 5010.
E-mail address: gerry.both@csiro.au (G.W. Both).Ovine adenovirus serotype 7 (OAdV) is the prototype of
the atadenoviruses (Both, 2001; Harrach and Benko, 1999).
Homology searches have readily identified many of the core
genes in OAdV but no genes for structural proteins Vand IX
of the mastadenoviruses were found. The p32K gene
(originally named p28K) at the left end of the OAdV
genome was previously shown to encode a structural protein
precursor by amino-terminal sequencing of isolated capsid
proteins. A 42-kDa structural polypeptide was observed but
not identified because its amino terminus was blocked (Vrati
et al., 1996). Here, we have re-examined the identity of
virion proteins using proteomic techniques. These new data
have confirmed the identities of previously characterized
individual viral proteins and revealed, surprisingly, that the
42-kDa structural protein is a product of LH3, a gene that
was previously thought be a homologue of mastadenovirus
E1B 55-kDa protein. The implications of this finding are
discussed.05) 159 – 166Inc. All rights reserved.
Fig. 1. Analysis of OAdV7 by electron microscopy. Purified virus particles
were examined for identity and integrity by electron microscopy after
negative staining. The scale bar indicates 200 nm.
Fig. 2. Analysis of OAdV and AdV5 proteins. (A) OAdV was prepared in several
SDS-PAGE and silver staining: lane 1, standard molecular weight markers of the s
3, virus after a single CsCl equilibrium gradient; virus precipitated with 40% ammo
at 4 -C (lane 6) or 20 -C (lane 7). Except for lane 3, all viruses were purified aft
hexon, 42 kDa and protein VII or AdV core protein V were determined by quantit
OAdV (lane 1) and AdV5 (lane 2) proteins as described in panel A.
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Analysis of viral proteins
Preparations of OAdV were negatively stained and
analyzed by electron microscopy to confirm particle
integrity (Fig. 1) and SDS-PAGE/silver staining to assess
purity. As OAdV lysed CSL503 cells efficiently, to optimize
virus recovery from the medium, several different con-
ditions were used to concentrate the particles before
purification as described in Materials and methods. Virus
was initially concentrated by high-speed centrifugation
(25,000 rpm, SW28 rotor, 2 h) on to a cushion of CsCl
(1.5 gm/cc) before centrifugation on step and equilibrium
gradients as described in Materials and methods (Fig. 2A,
lane 2). Subsequently, virus was precipitated with 40%
ammonium sulfate at room temperature for 2 h (lane 4) or
precipitated and stored at room temperature, 4, or 20 -C
for 24 h (lanes 5–7, respectively) before centrifugation as
described in Materials and methods. Virus was also prepared
as described in Materials and methods but analyzed after
only one CsCl equilibrium gradient (lane 3). As shown bydifferent ways and proteins were heated in loading buffer and analyzed by
izes indicated; lane 2, virus concentrated by high-speed centrifugation; lane
nium sulfate for 2 h (lane 4) or 24 h (lane 5) at room temperature, or for 24 h
er initial concentration as described in Materials and methods. The ratios of
ation of scanned, stained gels using Kodak 1D software. (B) Comparison of
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and protein VII bands (Fig. 2A), none of these conditions
had a significant impact on the profile or ratio of viral
proteins indicating that cellular proteins, including one that
migrated very close to the 42-kDa protein (data not shown)
were removed during purification. In addition, as virus was
precipitated from medium containing 10% fetal bovine
serum, BSA was a potential contaminant. However, spiking
of virus preparations with decreasing amounts of BSA
showed that they were essentially free of this protein (<10
ng/4  109 virus particles) (data not shown). The OAdV
protein profile was, however, distinctly different from that
of AdV5 (Fig. 2B, lane 1 vs. 2). In particular, the ratio of
hexon to core protein V (¨50 kDa) (or penton or pIIIa at
¨60–65 kDa) in AdV5 was significantly higher than the
ratio of hexon to 42 kDa in OAdV (2.8 versus 0.9,
respectively; Fig. 2B). Thus, assuming hexon is present at
the same copy number in both viruses, the 42-kDa protein is
more abundant than core protein V.
SDS-PAGE analysis of OAdV proteins also showed that
the band that corresponded to hexon protein migrated
significantly lower on the gel when the virions were heated
(H) prior to SDS-PAGE (Fig. 3, lane 1) compared to when
they were not heated (U) (Fig. 3, lane 2). This was probably
due to disruption of interactions between hexon monomers
mediated by structural elements such as coiled-coils,Fig. 3. Analysis of OAdV proteins. OAdV particles were denatured by
mixing 1:1 with reducing sample buffer to give a final composition of 62.5
mM Tris–HCl pH 6.8, 25% glycerol (v/v), 2% SDS, 0.1% bromophenol
blue, and 100 mM DTT and either incubated at room temperature for 30
min (lanes 2 and 3; U), or heated at 95 -C for 5 min (lane 1; H) prior to
loading (typically, the equivalent of 4  109 virus particles per lane for
analytical gels). Analytical gels were silver stained (lanes 1 and 2).
Preparative gels (lane 3) were fixed in 50% (v/v) CH3OH, 8.75% (v/v)
acetic acid, 0.03% (w/v) non-colloidal Coomassie Brilliant Blue R-250 for
45 min, and de-stained in 50% (v/v) CH3OH, 8.75% (v/v) acetic acid for 60
min, and stored in water prior to analysis. Protein bands that were
subsequently subjected to in-gel digestion with trypsin and analyzed by
mass spectrometry are indicated on the left (lane 3) and identities
determined from these analyses are indicated on the right.although cleavage of peptide bonds by heating or incom-
plete disulfide reduction cannot be ruled out simply on the
basis of changes in migration. The mobility of the 42-kDa
band appeared to be similarly affected by heating (Fig. 3,
lane 1). When proteins were resolved at a preparative level
without heating, a minor protein of ¨40 kDa (band 6) was
also evident (Fig. 3, lane 3). In addition, numerous other
polypeptide species were resolved. Eight protein bands
stained intensely with Coomassie Brilliant Blue R-250
(CBB) and at least nine proteins appeared as less intense
bands (Fig. 3, lane 3). In order to avoid artifacts caused by
heating and to positively identify the minor band apparent at
¨40 kDa, bands from the unheated sample were cut from
the preparative gel (Fig. 3, lane 3) for chemical analysis.
Proteins in the numbered bands were cut from the gel and
subjected to reduction and alkylation followed by in-gel
digestion with trypsin. The digests were subsequently
analyzed by a variety of mass spectrometric methods and
the resultant data used to search sequence databases in order
to identify the proteins (Table 1).
The majority of the identifications were achieved by
MALDI-TOF/TOF-MS/MS; however, as indicated below,
some proteins were also identified by peptide mass finger-
printing (PMF) and by nanoESI-MS/MS. Surprisingly, band
2 in the unheated preparative sample (Fig. 3, lane 3) was
identified as the product of the OAdV LH3 (E1B 55 kDa)
gene. Without heating, this protein migrated at a much
higher apparent molecular weight than predicted from its
open reading frame (42.8 kDa). Significantly, the occur-
rence of the LH3 gene product of OAdV in band 2 was
detected by both PMF and the stringent identification
technique of MALDI-TOF/TOF-MS/MS with tryptic pep-
tides from across the entire open reading frame identified.
The same protein was identified at 42 kDa by MALDI-TOF-
MS-based PMF and nanoESI-MS/MS in samples that were
heated prior to SDS-PAGE (Table 1). Other predicted
products of the OAdV genome were detected at their
expected molecular weights, although peptides of protein
IIIa were detected in both bands 3 and 4. Peptides from the
fiber protein were not identified by MALDI-TOF/TOF-MS/
MS but were observed in band 4 by PMF using MALDI-
TOF-MS. Peptides produced from the minor protein of ¨40
kDa in band 6 of the unheated preparative gel (Fig. 3, lane
3) identified the constituent protein as the product of the L1
52/55-kDA gene homologue but again this was only
achieved by PMF using MALDI-TOF-MS. The apparent
size of this protein was consistent with that predicted from
its open reading frame (¨38 kDa) (Davison et al., 2003;
Vrati et al., 1996). Protein VI was detected confidently in
band 8 by MALDI-TOF/TOF-MS/MS. On the basis of
amino-terminal sequencing (Vrati et al., 1996), the strongly
stained band 9 was expected to correspond to protein VII;
however, PMF by MALDI-TOF-MS did not confirm this,
probably due to the nature of the tryptic peptides produced.
In fact, only 3 peptides from the protein sequence would
have been expected in the useful mass range for PMF (see
Table 1
Identification of OAdV proteins by MALDI-TOF-MS and MALDI-TOF/
TOF-MS/MS
Band SWISS protein
accession number,
protein identified
Total ion scorea Total ion
confidence
interval %b
1 Q83905, Hexon protein,
OAdV7
478 100
2 Q83924, LH3
(E1B 55 kDa protein),
OAdV7
162 100
3 Q84974,
pIIIa, OAdV7
337 100
4 Q84974,
pIIIa, OAdV7
122 100
Q83893,
Fiber protein,
OAdV7c
5 Q83901,
Protein III (Penton),
OAdV7
117 100
6 Q83899,
52/55 kDa protein,
OAdV7d
7 P89028,
32k protein,
OAdV7
21 87.338
8 Q83904,
pVI protein,
OAdV7
136 100
9 Q83902,
pVII protein,
OAdV7
37 99.134
10 Q83892,
pVIII protein,
OAdV7
49 99.968
11 Q83982,
pVIII,
OAdV7c
a These values represent the sum of the Mowse Scores achieved for all of
the peptides that produced useable fragmentation data for each protein
identified. In these searches, individual peptide Mascot Mowse Scores of
greater than 35 are considered to be sufficiently statistically significant (P <
0.05) for the hit to be considered one of identity or extensive homology.
Total ion scores of less that 40 represent identifications obtained with single
peptide ion score data. The larger the number of individual peptides from
across the protein sequence that match the identified protein, the larger the
total ion scores and the greater the confidence that a protein identification is
correct.
b Values representing the confidence in the identifications taking into
consideration the total ion score data.
c Proteins identified by PMF.
d Identified by PMF of the faint protein band present at this position in the
unheated preparative sample. When samples of the virus were heated prior
to SDS-PAGE, LH3 (E1B 55 kDa protein) was identified in this band by
both PMF and nanoESI-MS/MS.
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using the MALDI-TOF/TOF-MS/MS data obtained with the
digest of band 9. Of the 3 three tryptic peptides of protein
VII that would be useful for MS/MS analysis, only a single
peptide was detected as a molecular ion in the non-MS/MS
mode of the TOF/TOF-MS that subsequently produced
useful data in the MS/MS mode. Fortunately, this ionyielded excellent fragmentation data that produced a
confident identification of protein VII when used for
database searching. Protein X was expected but not detected
in band 10 or 11 but was previously detected in the capsid
by amino-terminal sequencing (Vrati et al., 1996).
Multiple forms of protein VIII were identified. The basis
for this may lie in the utilization of predicted viral protease
cleavage sites that could generate peptides of 13.2 and 11.4
kDa (Vrati et al., 1996). The only OAdV protein identi-
fications made by PMF that were not confirmed by tandem
MS involved the 52/55-kDa protein (band 6) and protein
VIII fragment (band 11).Discussion
This study has described detailed analyses of the
structural proteins of the prototypic atadenovirus, OAdV.
Most of the expected structural proteins were detected
(exceptions are discussed below). Notably, as a consequence
of our extensive proteomic analyses, no data were obtained
to indicate the presence of proteins that are well documented
to be non-structural proteins of OAdV and no cellular
polypeptides were identified, testifying to the purity of the
virus preparations. The surprising discovery was that the
previously uncharacterized 42-kDa capsid protein was the
product of the OAdV LH3 gene that was previously thought
to be a homologue of a non-structural protein, E1B 55 kDa.
Thus, the OAdV capsid proteins p32 and LH3 are
characteristic of and clearly distinguish the atadenoviruses
from other genera that do not have these proteins. Similarly,
to maintain capsid structure and integrity, in addition to the
nine structural protein homologues that are common to all
adenoviruses (reviewed in (Davison et al., 2003), the avi-
and siadenovirus genera may also carry two genes that code
for novel capsid proteins.
There is no obvious relationship between proteins V and
LH3 or between pIX and p32K, although it might be
speculated that these proteins are functionally equivalent in
the OAdV and AdV5 capsids. However, based on the
quantitation of stained proteins, and assuming that, as the
basic building block, the same number of hexon monomers
exists in the two capsids, LH3 appears to be significantly
more abundant in OAdV than is core protein V in AdV5
(Fig. 2B). Based on radio-labeling studies, it has been
calculated that there are 720 and 157 copies of hexon and
core protein V, respectively, in AdV5 (Rux and Burnett,
2004) and the ratio of these proteins based on Fig. 2B, lane
2 is consistent with this. The ratio of hexon to LH3 protein
calculated in this work is 0.9–1.1 for silver-stained proteins
(Fig. 2) and 1.22 for CBB-stained proteins (Fig. 3, lane 3).
Although this analysis is not strictly quantitative, the finding
of comparable figures using both staining techniques
validates the approach. Thus, if there are 720 monomers
of hexon (911 amino acids) in OAdV, there are approx-
imately 1500 copies of LH3 protein (382 amino acids)
J.J. Gorman et al. / Virology 342 (2005) 159–166 163present. i.e., approximately 75 per icosahedral vertex.
Structural studies of AdV5 have identified certain proteins
as capsid or core proteins (Stewart et al., 1993). If OAdV/
AdV5 structural homologues have similar functions, LH3 is
more likely to be a core protein. It may facilitate packaging
of the smaller OAdV genome (29,575 bp) into a structure
that is similar in volume to the AdV5 capsid based on size
(911 vs. 952 amino acids for OAdVand AdV5, respectively)
and the probable similar structure of the hexon proteins.
OAdV capsid proteins pVII and X were difficult to detect
or not detected in the present study. This was not a surprising
result as protein VII is relatively small (12,874 kDa) and
contains an abundance of tryptic cleavage sites (Arg plus
Lys = 29). Consequently, the majority of tryptic peptides
expected from protein VII (accounting for 66% of the protein
sequence) have such low masses that they overlap with ions
produced from the matrix during MALDI-TOF-MS and are
excluded from the data used in PMF procedures. Similar
physicochemical properties may also explain why protein X
was not observed in the present study. In addition, no peptides
from the 23-kDa viral protease were found, although this
protein was previously reported as a minor component (only
10 copies) of the AdV5 capsid along with the 52/55K protein,
the product of the L1 transcription unit (Chelius et al., 2002).
We identified peptides from the OAdV 52/55K homologue
by MALDI-TOF-MS, although this was not confirmed by
MS/MS techniques. However, the digests had been stored for
some time before the tandem MS data were acquired and
some of the peptides in faintly stained bands may have been
lost as a consequence.
Initial comparisons between OAdV LH3 and mastadeno-
virus E1B 55-kDa proteins identified homology that sug-
gested that the two proteins might have similar functions
(Vrati et al., 1996). However, the identification of LH3 as a
structural protein has led to a re-consideration of this
conclusion. A BLASTp search was conducted using the
amino acid sequence of the LH3 open reading frame with
NCBI default parameters in April 2003. This identified a
conserved domain in protein family 1696 that was also
identified when the hAdV2 E1B 55-kDa sequence was used.
However, in the latter comparison, homology was observed
across most of the protein, while for OAdV, it was confined to
a central part of the predicted open reading frame, with the N-
and C-terminal regions of LH3 showing essentially no
homology with E1B 55 kDa (Fig. 4). In addition, LH3 is
shorter at both ends.
Adenovirus genera have variable terminal regions and a
conserved central core in their genomes suggesting that
they evolved from an ancient ancestor by acquiring genes
that allowed adaptation to new hosts (reviewed in Davison
et al., 2003). Mammalian atadenoviruses may have evolved
from a reptilian source in this way (Farkas et al., 2002;
Harrach, 2000). As atadenoviruses are the only known
viruses that carry a gene with some homology to E1B 55
kDa (reviewed in Davison et al., 2003), it is worth
considering whether a virus of this type could haveprovided the source of the mastadenovirus gene. Most
atadenoviruses found in animal and avian species have a
very high A/T base composition (>60%), a feature that
originally distinguished them from other genera (Harrach et
al., 1997). They are also widespread among reptiles
(Wellehan et al., 2004), which is suggestive of an ancient
origin. One reptilian atadenovirus (SnAdV1) whose
genome has now been sequenced (B. Harrach, personal
communication) has a G/C content (52.23% in LH3) that is
much closer to the base composition of mastadenoviruses
(Farkas et al., 2002). SnAdV1 and OAdV LH3 show
significant identity at the protein level but no recognizable
homology at the nucleotide sequence level (data not
shown). Thus, a virus similar to SnAdV1 may have been
a source of a precursor mastadenovirus E1B 55-kDa gene.
However, LH3 proteins generally appear shorter than their
E1B homologues (4A). At the C-terminal end, LH3 lacks
about twenty residues, some of which are targets for
phosphorylation (Flint and Gonzalez, 2003). At the N-
terminal end, mastadenovirus E1B 55-kDa proteins differ
greatly in sequence are extended by up to ¨110 residues
(e.g., AdV5) relative to LH3. Some carry a proposed
nuclear export signal and a consensus site for attachment of
ubiquitin-related modifier protein-1 in this region (reviewed
in Flint and Gonzalez, 2003). From the BLASTp align-
ment, murine and tupaia E1B 55-kDa proteins are more
closely related to OAdV LH3. Along with canine, bovine,
and porcine adenoviruses, they have shorter N-terminal
extensions (16 to approximately 60 residues) and appear to
lack some of the features described above for human
HAdV E1B proteins. Thus, they may represent evolu-
tionary intermediates in a process whereby viruses gained
targeting and other sequences and functions such as p53
binding (Grand et al., 1999; Kao et al., 1990) to facilitate
replication in human cells. Presumably, the LH3 gene
would have been free to evolve if it was acquired by a
precursor mastadenovirus whose capsid contained proteins
V and IX.
The present study has clearly identified LH3 as a
structural gene of OAdV, the prototype atadenovirus.
Whether the LH3 protein has a dual role during infection
remains to be determined but it is already clear that
atadenovirus/host cell interactions differ significantly from
mastadenoviruses and that certain proteins that cooperate
with E1B 55 kDa during mastadenovirus infection are
missing from OAdV (reviewed in Both, 2004). If LH3
does function like E1B 55 kDa as a non-structural protein,
it must do so in conjunction with new partner proteins. In
the absence of overt E1B function such as transforming
activity (Xu et al., 2000), it remains to be determined
whether OAdV is able to direct the destruction of a key
cell cycle control protein such as p53 (Harada et al., 2002;
Querido et al., 2001) although there are OAdV genes such
as E4.2, E4.3, and the RH genes that could conceivably
be involved in this or similar processes (Both, 2002,
2004). The impact of uncharacterized OAdV genes on cell
Fig. 4. Homology between part of OAdV LH3 and a variety of mastadenovirus E1B 55-kDa proteins. Panel A shows the relative lengths of several E1B 55-
kDa homologues, the proposed locations of hAdV5 signals for nuclear export (NES) and the addition of SUMO-1 (reviewed in Flint and Gonzalez, 2003) and
the region incorporating the p53 binding domain (Grand et al., 1999; Kao et al., 1990). Open bars indicate regions of homology between all proteins. Shaded
regions show little or no homology to each other. In panel B, bold type and (:) indicate identity between the consensus and OAdVor MAdV-1 sequences while
asterisks (*) indicate identity between all three. (.) indicates similar residues. The consensus E1B 55-kDa sequence was identified in an NCBI conserved
domain search from a comparison of proteins from MAdV-1 (Swiss Protein Acc. No. P12536), BAdV-3 (BAA04818), TSAdV-1 (P04885), HAdV-9
(AAD16305), HAdV-5 (P03243), HAdV-41 (P10546), CAdV-2 (P14266), and PAdV-4 (AAA80277). The OAdV query sequence score was 42.5 bits with an E
value of 2e04 based on 45.5% of 385 residues being aligned. The same BLASTp search no longer recognizes the conserved domain in pfam1696, no matter
whether the hAdV2 or OAdV sequence is used as the query, presumably because the parameters in the algorithm have been changed.
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investigation.Materials and methods
Cell growth and virus production
CSL503 cells (Boyle et al., 1994; Pye, 1989) were grown
in grown in MEM (Gibco) supplemented with non-essential
amino acids (0.1 mM), glutamine (2 mM), HEPES (28
mM), and fetal bovine calf serum (10%). Cells were infectedwith OAdV623 (MOI ¨1 TCID50/cell) (Wang et al., 2004)
and left for 4 days by which time a complete cytopathic
effect was evident. Virus was recovered from the medium
by precipitation with 40% (w/v) ammonium sulfate at room
temperature for 2 h and recovered by low-speed centrifu-
gation (1600  g). Virus was then purified by centrifugation
on a CsCl step gradient and banding twice on continuous
CsCl gradients (Boyle et al., 1994), followed by desalting
using a NAP-25 column (Amersham/Pharmacia) in buffer
containing 10 mM Tris–HCl, pH 8, 8.5% w/v sucrose and
0.5% v/v PEG. Human adenovirus type 5 was grown in 293
cells and purified as previously described (Graham and
J.J. Gorman et al. / Virology 342 (2005) 159–166 165Prevec, 1991). Viral particles (vp) were quantitated by
optical density (Mittereder et al., 1996) and assessed for
infectivity by limit dilution infectivity (TCID50) assays
according to standard procedures. The vp/TCID50 ratio was
<40:1.
Analysis of virus and viral proteins
Virus preparations were negatively stained on grids with
2% ammonium molybdate pH 7 for 20–30 min at room
temperature and examined in a Phillips CM 100 trans-
mission electron microscope. Sodium dodecylsulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) of viral
proteins was carried out at 100 v for 1.5 h essentially
according to the method of Laemmli (Laemmli, 1970) using
pre-cast 0.75 mm thickness 4–20% gradient gels (Biorad or
Gradipore, Regents Park and Frenchs Forest, NSW). Gels
were silver stained (SilverXpress kit, Invitrogen, Carlsbad,
CA) or stained with Coomassie Brilliant Blue R-250 (CBB).
Stained proteins were quantitated from the sum of the
intensities using Kodak 1D Image Analysis software (East-
man Kodak, Rochester, NY). Gel slices were excised from
CBB-stained gels and subjected to in-gel tryptic digestion
essentially as described in published protocols (Huang et al.,
2002). Peptides extracted from the digests of individual gel
slices were desalted using C18 Zip Tips (Millipore)
essentially according to manufacturer’s instructions, with
peptides finally eluted in 10 Al of 60% (v/v) CH3OH/0.1%
(v/v) formic acid.
In-gel digests were analyzed in 5 mg/ml a-cyano-4-
hydroxycinnamic acid (Sigma), in 50% (v/v) CH3CN, 0.1%
(v/v) trifluoroacetic acid (TFA) and 2.5 mM ammonium
phosphate by matrix-assisted laser desorption/ionization
(MALDI)-time of flight/time of flight (TOF/TOF)-tandem
mass spectrometry (MS/MS) using a 4700 Proteomics
Analyzer (Applied Biosystems) operated in positive ion
reflectron mode (Hellman et al., 1995). The top 50 most
intense peptides detected for each digest in the MS mode
were automatically selected for MS/MS analysis using 3000
laser shots.
In-gel digests were also analyzed by MALDI-TOF-MS
using a Voyager DE-STR MALDI-TOF mass spectrom-
eter (Applied Biosystems) with 2,6-dihydroxyacetophe-
none (Fluka)/di-ammonium hydrogen citrate (Fluka)
matrix (Gorman et al., 1996; Pitt et al., 2000) as the
matrix. Some digests were also analyzed by nano-
electrospray ionization (nanoESI)-MS/MS using a Sciex
QSTAR-Pulsar Quadrupole–quadrupole (Qq)-TOF-MS
(Lando et al., 2002a, 2002b; Shevchenko et al., 1997;
Wilm and Mann, 1996).
MALDI-TOF/TOF-MS/MS data were automatically ana-
lyzed using GPS Explorer software (Applied Biosystems,
CA). For each digest, a combined MS and MS/MS analysis
was performed using an in-house Mascot search engine and
the MSDB database, viral taxa. MS peptide tolerance was
100 ppm and MS/MS tolerance was 0.3 Da. The searchesallowed for carbamidomethylated cysteine and oxidized
methionine but no biosynthetic post-translational modifica-
tions were taken into account. The resultant total ion scores
are obtained by summation of the ion scores obtained for
each individual peptide MS/MS spectrum. Individual ion
scores are a probability that the reported matches represent
extensive homology or identity; for these searches, the
chance that the identifications represent a false positive is 1
in 20 at a threshold value of 35 for individual peptide ion
scores. Total ion confidence intervals reflect the ability to
match observed peptide MS/MS fragmentation data to
theoretical fragmentation data from peptides from across
the sequence of the identified protein. Higher total ion
scores (greater than 35) result in greater total ion confidence
intervals, with 100% representing unequivocal matches.
Total ion confidence intervals of less than 95% indicate
identifications based on fewer peptides and or lower quality
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